The Ames test has been used to evaluate the mutagenic effect of exhaust gas using diesel and biodiesel fuels (BDFs) from power generator. The Salmonella typhimurium (TA98 and TA100 tester strain) were cultured because of the most sensitive for organic pollutant. The direct sampling from gas emission for Ames test was the first time proposed. Six low molecular-weight methyl esters (LMW-MEs) found in exhaust gas when using biofuels have been tested to reveal that they are not mutagenic but toxic. The quality control standards such as dimethyl sulfoxide (DMSO) and sodium azide (NaN 3 ) were used as negative and positive control in all culture processes. DMSO is the best adsorbent to trap the pollutants in exhaust gas. The mutagenic effects of Diesel fuel (DF) with Jatropha BDF (JCO) and waste cooking oil BDF (WCO) have been evaluated. The highest mutagenicity of WCO was observed in both TA 98 and TA100 testers strain. For the same engine, the mutagenic test result is different between two kinds of BDFs. BDFs showed increased mutagenicity higher than DF with WCO>JCO>DF. The number of revertant colonies are 623>508>424 for TA100 and 66>50>41 for TA98, respectively.
INTRODUCTION
Biodiesel Fuel (BDF) is derived from any plant or animal oil via transesterification of triglycerides with alcohol in the presence of a base catalyst. BDF has received considerable scientific attention for several decades. Although previous studies have shown some negative aspects related to the use of biodiesel, such as increased emissions of low-molecular-weight methyl esters (LMW-ME) [1] , carbonyl compounds [2] , increased ozone formation potential (OFP) [3] and increased NOx concentration compared to conventional diesel fuel emission [2] , BDF is still the popular alternative fuel for the future because of features such as eco-friendly, renewable resource, degradable that is directly able to replace petro diesel in many engines without specific modification. In addition, BDF can be made from waste or inedible oil such waste cooking [4] , cotton [5] , Jatropha [6] or rubber [7] seed oil.
The Ames test is developed by Bruce Nathan Ames [8] and his revised version [9] is a widely employed method that uses bacteria to mutagenic test. That method is a biological assay to assess the mutagenic potential of chemical compounds [10] . A positive result indicates that the chemical is mutagenic and therefore may act as a carcinogen (e.g. cancer is often linked to mutation). The test serves as a quick and convenient assay to estimate the carcinogenic potential of a compound because standard carcinogen assays on mice and rats are timeconsuming (taking two to three years to complete) and expensive. There are numerous studies of carcinogenicity and mutagenicity of BDF exhaust emission up to now. They concluded that a significant increase of mutation was found in emission extracted from both BDF and conventional fuel. Some reports showed that the diesel fuel (DF) is significantly higher when compared to BDF exhaust emission. On the other hand, BDF has shown a higher mutagenic potential in the Salmonella assay than DF in the some literatures [11] [12] .
A common theme in the previous studies is using the filter to collect particles, and then filter or the gas condensate (the solution is condensed by cooling) is extracted by solvent. Then, chemical substances are completely dissolved in dimethyl sulfoxide (DMSO), and tested by Ames method. In this study we proposed a new method for collecting sample using mix ratio of water and DMSO to absorb chemical substance in the exhausted gas emission, and immediately check for the mutagenicity by Ames test.
In addition, LMW-ME was investigated in our previous study [1] , that was also reported LMW-MEs are toxic compound. However, further studies are just at the stay of understanding how to generate the LMW-ME by detailed chemical kinetic study [13] . There is not available information of mutagenicity of LMW-ME except for methyl acrylate. Therefore, we also confirmed the mutagenicity of individual LMW-ME in the case of Ames test.
METHODOLOGY
Ames and coworkers developed the Salmonella typhimurium/ mammalian microsome assay that detects mutagenic properties of single compounds as well as of complex mixtures by reverse mutation of a series of S. Typhimurium tester strains, bearing mutations in the histidine operon [8] . In this study, tester strains TA98 and TA100 were used. The Ames test is the most frequently used test system worldwide for investigating mutagenicity of complex mixtures like combustion products. There types of fuel were used; Jatropha BDF, waste cooking oil BDF and diesel fuel, power generator's emission gas were used to evaluate the mutagenicity.
Combustion gas was absorbed by mixing ratio between DMSO and DI water. direct injection) was used for the emission test. Carbopack B with 60-10 mesh was used to absorb the organic compound emission. Figure 1 shows the schematic of combustion gas sampling. In this experiment, DMSO and sodium azide (NaN 3 ) were used as positive control and negative control, respectively.
RESULTS AND DISCUSSION

Ames test process
The media and mutagenic test process has been followed the guideline [10] . The absorbent solution or LMW-ME standard with tester strains TA98 and TA100 were spiked to media in the petri plate. There are different tester strains which can detect different types of mutations. The tester strains TA98 and TA100 detect frameshift mutations and base-pair substitutions, respectively, and were used in this study. They were shown to be the most sensitive for mutagens in the previous studies [14] . Every sample was tested in triplicate. Plates were incubated at 37 C for 48h in the dark, and revertant colonies on the plates were manual counted.
To evaluate Ames test performance, we have to use negative control (DMSO) and positive control (NaN 3 ) for testing. Several NaN 3 concentration per plate were tested and Figure 2 (a) shows the result with standard deviation. The different number of colonies using negative and positive control is shown in Figure 2 (b). This result is consist with previous data [15, 16] which indicates that the method is enough reliability to evaluate. As mention above, LMW-ME has investigated in our previous study, which was detected in BDF utilization only. From C4 to C9 LMW-ME concentration was shown in Figure 3 , which detected in waste cooking oil combustion gas. The 0 load means idling mode, B0 to B100 is percentage of BDF in blend fuel using for engine. There are now no information about mutagenicity of the LMW-ME. Therefore, we have investigated and confirmed this character.
Six low molecular weight methyl esters (LME-ME) mutagenicity character
The result is shown in the Table 1 . The LMW-ME is not mutagenicity. The test range concentration is very large (0 -4000 µg/plate), however, we could not find any mutagenicity. Among of 6 LMW-MEs, only C4 has also been reported by other authors. The number of colonies is decreased, if the concentration of LME-ME increases the test. That mean LMW-ME is toxic compound. 
Exhaust emissions and mutagenic effects of diesel fuel
Tester train TA100 is sensitive more than TA98, therefore TA100 was chosen for first screening. Figure 4 shows the result from five samples that are different mixing ratio between DMSO and DI H 2 O solution. However, the result is direct absorbent. If the sample 5 (DMSO only) is diluted several times (from 1 to 5 times). The observed data in Figure 5 indicated that the exhaust gas content toxic component, that why the number of colony is decreased if the solution is not diluted, therefore, dilution method was applied for all of absorbent ratio. Base on the colony number and quality of exhaust gas we have concluded that DMSO only is the best absorption. 
TA 100
In five time dilutions of absorbed solution and nine repeat experiment, Figure 6 indicated that the mutagen of BDF (both Jatropha and waste cooking oil) are higher than DF, and WCO is higher than JCO. this study needs more experiments to confirm and evaluation. This result is very consistent with recent previous study as mention in the introduction section. Almost authors have confirmed that BDF have mutagenic higher than petro diesel.
We compare the mutagenic effects of DF with Jatropha and waste cooking oil BDF, the number of revertant colonies was observed. The chart indicates that BDFs have a stronger mutagenicity in both cases TA 98 and TA100 tester strain ( Figure 6 ). The highest mutagenicity of WCO-BDF was observed. With the same engine, but the result is different between two kind of BDFs That showed increased mutagenicity higher than DF with WCO>JCO>DF. The number of revertant colonies respectively are 623>508>424 for TA100 and 66>50>41 for TA98. We currently have no sound explanation for this effect. However, we suggest that WCO-BDF content more aromatic hydrocarbon and organic substance during thermal cracking compared to natural oil such as Jatropha. In order to explain the effect mutagenicity of BDFs, in course of previous investigations on vegetable oil as diesel fuel substitute we found a significant increase in mutagenicity for triglycerides. On the other hand, carbonyl compound and unsaturated fatty acids are a determinant for the mutagenicity of the exhaust that is higher emission in comparison to DF.
CONCLUSIONS
The results of this study have provided a new method for emissions gas sampling to evaluate the mutagenicity. That was direct absorption method using DMSO solvent. The method helped to collect both gas and particle phase and then absorbent can be directly introduced to Ames test without organic solvent extraction. This method is simpler and cheaper compared to using the filter and then extracted by organic solvent method. This method can be applied for the mutagenic test of unknown pollutant in the future. In case of Ames test, individual of LMW-ME have been confirmed that is very toxic compound but it is non-mutagenicity. In order to understand the mutagenicity of each LMW-ME compound and exhaust gas, more experiments, tester train, S9-bio activation and other mutagenic detection method need to be carried out. The emission gas and mutagenicity effect of several types of fuel were evaluated. BDFs were significant shown mutagenicity higher than DF.
